INTRODUCTION
In vertebrates, a small proportion of individuals usually has a high fitness and produces the majority of surviving offspring. Most of the others survive less well and show poor reproductive performances (Wilson & Nussey 2010) . Functionally, individual quality is related to the fitness of individuals and therefore, to their ability to cope with a changing environment. However, measuring such ability is difficult because it depends on many behavioural and physiological traits that covary in complex ways (Ricklefs & Wikelski 2002; Wilson & Nussey 2010) . Allostasis, therefore, deserves specific attention because it is involved in the regulation of all these traits and, thus, is functionally involved in the ability of an organism to cope with its environment (McEwen & Wingfield 2003 ; Romero et al. 2009 ). Allostasis is defined as all the mechanisms that maintain homeostasis through changes in both predictable and unpredictable environments, and, in vertebrates, their main mediators are the glucocorticoid hormones (e.g. corticosterone, Landys et al. 2006) . Glucocorticoid levels increase in response to environmental constraints and this rise acts on behaviour and physiology to adjust the phenotype of the organism to the challenging environmental conditions (Ricklefs & Wikelski 2002; Landys et al. 2006) . Therefore, elevated glucocorticoid levels have been suggested as a reliable indicator of how an individual copes with its environment (i.e. allostatic load, McEwen & Wingfield 2003; Landys et al. 2006) .
These findings have led to the proposal of the 'cortfitness hypothesis', which suggests that, under identical environmental conditions, elevated baseline glucocorticoid levels should be found in individuals of low fitness and, therefore, of poor quality (Bonier et al. 2009 ). Several studies have tested this hypothesis by relating baseline corticosterone levels to specific fitness estimates, and surprisingly, they have found contrasting results (Bonier et al. 2009 ). However, all these studies have only used short-term proxies of fitness (yearly survival, annual reproductive success) and, moreover, not all individuals were sampled under identical environmental conditions. Therefore, there is undoubtedly a need to test the 'cort-fitness hypothesis' with an integrative measure of individual fitness (Bonier et al. 2009) .
In this study, we tested this 'cort-fitness hypothesis' (Bonier et al. 2009 ) by examining for the first time the relationship that links baseline corticosterone levels to an integrative measure of individual quality in a long-lived species, the black-browed albatross (Thalassarche melanophrys). To reduce potential confounding factors, we tested this hypothesis by sampling albatrosses under comparable environmental conditions (at the colony, and immediately before a foraging trip). We predicted that elevated baseline corticosterone levels should be found in individuals of low quality (Bonier et al. 2009) . In addition, we tested two underlying assumptions of this hypothesis. First, we examined whether the relationship linking baseline corticosterone levels to individual fitness is repeatable from one breeding season to another and consistent between sexes (assumption 1, 'repeatability of corticosterone-fitness relationship', Bonier et al. 2009 ). Second, we examined whether baseline corticosterone levels were repeatable, a condition necessary to be able to link baseline corticosterone levels to a fitness measurement (assumption 2, 'repeatability of corticosterone measures', Bonier et al. 2009 ).
MATERIAL AND METHODS
Our study was carried out in January 2004 and 2005 at Kerguelen Island (508S, 708E) during the early brooding period. Blackbrowed albatrosses are philopatric birds with a high survival probability and a low fecundity (one egg per year, Warham 1990 ). On Kerguelen, the population of albatrosses has been monitored every year since 1976. So, it is possible to follow the breeding performances and return rates of individuals across their entire lives (Rolland et al. 2009 ).
Birds were captured at the colony by hand off the nest just after their mate relieved them from their brooding duties. We collected blood from the tarsus vein with a syringe within 3 min (n ¼ 73) to measure baseline corticosterone levels. Eight albatrosses were captured in both 2004 and 2005 in order to test the repeatability of baseline corticosterone levels from one breeding season to the next (hypothesis 3). Blood samples were centrifuged, the plasma was decanted, and blood and plasma were stored at 2208C until analyses. Sex and plasma concentrations of corticosterone were determined as previously described (Angelier et al. 2007a) .
We estimated individual quality by how many fledged chicks were produced by a given albatross over five breeding seasons (2004-2008, hereafter called 'quality') . This integrative measure takes into account several components that collectively determine the quality of an albatross: (i) the ability of albatrosses to survive over 5 years; (ii) their ability to attempt breeding in a given year (albatrosses can skip breeding); (iii) their ability to successfully rear a chick. This measure of quality was not correlated with age in our sub-sample of known-aged albatrosses (p . 0.50).
We only focused on experienced breeders (albatrosses that had already bred at least once before 2004) because it is known that inexperienced breeders are less able to survive and to reproduce (Angelier et al. 2007a; Rolland et al. 2009 ). Including inexperienced breeders could therefore lead to biased estimates of quality if some of the birds monitored, but not all, were inexperienced. We also measured chick productivity over the same period for all individuals (2004) (2005) (2006) (2007) (2008) , therefore avoiding the bias of monitoring chick productivity over different periods, which are characterized by contrasting environmental conditions.
Analyses were performed with SAS. We used generalized linear models (GLMs) with 'baseline corticosterone level' as our dependent variable to test the 'cort-fitness hypothesis'. We randomly selected one corticosterone value for the birds that were sampled in both 2004 and 2005 to avoid pseudo-replication (final sample size: 65). We tested whether (i) baseline corticosterone levels were explained by individual quality (independent variable: 'quality'); (ii) the relationship linking individual quality and baseline corticosterone levels differed between years of sampling and sexes (independent variables: 'year', 'sex'; interactions: 'quality Â year', 'quality Â sex'); (iii) baseline corticosterone levels were repeatable between seasons (n ¼ 8-four males and four females). The repeatability of baseline corticosterone levels was calculated from the variance components derived from a one-way ANOVA (Lessels & Boag 1987) .
RESULTS
Baseline corticosterone levels did not vary between years (F 1,59 ¼ 3.02, p ¼ 0.087) and sexes (F 1,59 ¼ 0.12, p ¼ 0.731) but, were highly correlated with individual quality (F 1,62 ¼ 7.32, p ¼ 0.009). Moreover, we found a significant effect of the interaction 'quality Â sex' on baseline corticosterone levels (F 1,59 ¼ 4.18, p ¼ 0.045), demonstrating that the relationship linking baseline corticosterone levels and quality differed between sexes (figure 1). Specifically, we found a negative relationship between baseline corticosterone levels and quality in males (x 2 ¼ 10.41, p ¼ 0.001, figure 1 ), but not in females (x 2 ¼ 0.07, p ¼ 0.791, figure 1 ). We did not find any significant effect of the interaction 'quality Â year' on baseline corticosterone levels (GLM, F 1,59 ¼ 2.44, p ¼ 0.124), demonstrating that the significant relationship between baseline corticosterone levels and quality did not differ between breeding seasons (figure 1). Baseline corticosterone levels were repeatable from one year to the next (n ¼ 8, r ¼ 0.878; Lessels & Boag 1987 ). An albatross with a relatively low baseline corticosterone level in 2004 had a similarly low baseline corticosterone level in 2005 (figure 2).
DISCUSSION
Our results support the 'cort -fitness hypothesis'. We showed for the first time that baseline corticosterone levels are related to an integrative measurement of individual quality in free-living birds (Bonier et al. 2009 ). Importantly, our protocol avoids several differences in conditions between individuals that could potentially confound individual quality (all birds were experienced, sampled at the colony, immediately Corticosterone and quality in albatross F. Angelier et al. 847 before a foraging trip). How can we explain such a result at the functional level? In vertebrates, the maintenance of elevated baseline corticosterone levels over a prolonged period can have deleterious effects on immunity, cognitive abilities and can even induce important metabolic changes (Sapolsky et al. 2000; Landys et al. 2006) . In addition, elevated corticosterone levels disrupt the hypothalamopituitary-gonadal axis and reduce reproductive effort (Wingfield & Sapolsky 2003) . Overall, baseline corticosterone levels can reflect how challenging it is for an organism to deal with its environment: baseline corticosterone levels are elevated when an individual is energetically challenged, and has a high allostatic load (McEwen & Wingfield 2003; Romero et al. 2009 ). For example, baseline corticosterone levels are elevated when albatrosses fast during a prolonged period or are unable to acquire food at sea (Hector & Harvey 1986; Angelier et al. 2007b) . This can explain why elevated baseline corticosterone levels could functionally be associated with high mortality, low breeding frequency, low breeding success and overall poor fitness (Bonier et al. 2009 ). Importantly, we found that individual baseline corticosterone levels were highly repeatable from one year to the next. This repeatability of corticosterone levels suggests that the ability of an albatross to cope with the energetic constraints of the brooding period is similar among breeding seasons and baseline corticosterone levels of some individuals therefore appear consistently higher than those of others. This repeatability of baseline corticosterone is a major underlying assumption of the 'cort-fitness hypothesis' (Bonier et al. 2009 ) and it probably explains why we found that the relationship between quality and corticosterone levels did not differ between 2004 and 2005. However, baseline corticosterone levels are not always repeatable in vertebrates (Cockrem et al. 2009) , which suggests that it may not always be possible to relate corticosterone levels with individual quality (Bonier et al. 2009 ).
Supporting a context-dependent relationship between quality and corticosterone (Bonier et al. 2009 ), baseline corticosterone levels were linked with quality in males, but not in females. The relationship between quality and baseline corticosterone levels is complex and may depend on the environmental and energetic situations with which individuals have to cope (Bonier et al. 2009 ). Thus, the negative correlation between corticosterone levels and quality is probably most obvious under constraints in which some, but not all, individuals have difficulties coping with their environment. Similarly, this relationship should be least apparent under optimal conditions (high food availability, low energetic demands) because baseline corticosterone levels of most individuals stay low. In that respect, it is essential to note that we sampled albatrosses during the most constraining phase of their breeding cycle (brooding period, Warham 1990 ) and during two comparable years in terms of environmental conditions (Rolland et al. 2009) . Differences between male and female albatrosses could be explained by differential breeding investment, males investing more in chick provisioning than females (Weimerskirch et al. 2000) . Although elevated corticosterone levels mirror energetic constraints in vertebrates, corticosterone can also sustain reproductive effort under some circumstances and thus, benefits to fitness of individuals (the 'cortadaptation hypothesis', Bonier et al. 2009 ). In addition, corticosterone levels do not always increase in response to energetic challenges in vertebrates. All this complexity may also explain why the corticosterone-fitness hypothesis is not supported in female albatrosses (Bonier et al. 2009; Dingemanse et al. 2010 ). To conclude, future studies should experimentally investigate what energetic factors can affect the ability of corticosterone to predict fitness in wild vertebrates.
